The mucosal immune system in the human female reproductive tract: potential insights into the heterosexual transmission of HIV.
Using isolated cell suspensions and in situ techniques, we have partially characterized the organization, functional capacity, and sex hormone regulation of the mucosal immune system in the human female reproductive tract. Isolated cells suspensions have been used to demonstrate that the uterus contains antigen-presenting cells that are functionally able to present antigen to autologous tetanus toxoid-specific T cells. Immunophenotypic analyses of the female reproductive tract by three-color immunofluorescent staining has been used to show that lymphoid aggregates, which are absent in postmenopausal women, develop in the uterine endometrium during the menstrual cycle in premenopausal women. Lymphoid aggregates are composed of a B lymphocyte core surrounded by numerous CD8+CD4- T lymphocytes and an outer halo of macrophages. Macrophages, CD4+ and CD8+ T cells, and CD56+ NK cells are distributed throughout the uterine endometrium. In contrast, the Fallopian tube, cervix, and vagina, which lack lymphoid aggregates, contain CD8+ and CD4+ T cells as well as macrophages. The female reproductive tract has also been analyzed for the presence of antigen-independent CD3+ T lymphocyte cytolytic function by an anti-CD3 MAb-mediated redirected lysis assay. High levels of CD3+ T lymphocyte cytolytic activity were demonstrated in cervix and vagina and independent of stage of the menstrual cycle. In the uterus, cytolytic activity changed with endocrine state. In postmenopausal women the uterine endometrium had CD3+ T lymphocytes with high cytolytic activity, whereas premenopausal women had CD3+ T lymphocytes with moderate cytolytic potential during the proliferative phase to low/no cytolytic activity during the secretory phase of the menstrual cycle. In studies to determine whether the upper reproductive tract could be infected with HIV-1, we found on the basis of nef expression and p24 release that epithelial cells from the Fallopian tube, and from the uterus and cervix, are infectable. These studies demonstrate that the human female reproductive tract is an inductive site for immune responses and the cell-mediated immunity is present throughout the female reproductive tract. These studies further indicate that the Fallopian tube and uterus are potential entry sites for HIV-1 infection and that uterine immune cell architecture as well as cytolytic activity are under hormonal control.